The combination of flow injection analysis and the electrochemical method was investigated for measuring the organic acid content of citrus fruits. The controlled-potential four-electrode methodwas used for conductance measurements. The instrumentation of the measuring apparatus used in this study is defined. The optimumconditions of the flow system were as follows: injection volume 35jul, mixing coil length 100cm, flow rate 20ml/min and dilution ratio of samples 1 : 130. A linear correlation between the peak conductivity and the organic acid content was obtained with high correlation coefficient (r=0.992). It is possible to analyze about 50 samples within an hour using the method, and the coefficient of variation with any given juice for 20 assays was less than 0.5%.
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Total acidity and sugars are important criteria of quality in citrus fruits, and the Brix-acid ratio is an indication of the relative sweetness or sourness of citrus juice. Citrus processors, therefore, routinely titrate the total acid of incoming fruits and finished products in their laboratories.
However, the procedure is timeconsuming and troublesome, and a more rapid and simplified method has been sought to determine total acidity.
A rapid and convenient methodbased on conductometry has been developed for measuring the sourness of food by Osajima et al}^n) They compared in detail the difference of electrochemical behavior between a weak electrolyte (organic acid) and a strong one (potassium chloride) in dilute solutions, and found that the hydrogen ion concentration dissociated from organic acid could be accurately estimated by conductivity measurements in the presence of strong electrolyte ions if the sample was diluted properly (about 1 part of juice to 300 parts of water).1} Namely, a linear relationship (y=ax+b) was set up between the organic acid content (y) of the original juice and the conductivity (x) of the properly diluted juice.
The gradient (a) of the straight line was associated with the nature of the organic acid and closely related to the dissociation constant of the acid, and the intercept (b) on the j-axis was the constant arising from the quantity of strong electrolyte in the sample solution. The quantity of strong electrolyte in citrus juice is nearly constant and the main organic acid is citric acid (about 95%). If the solution to be measured conductometrically is diluted to about 1 : 300, the gradient (a) and intercept (b) on the j-axis becomeconstant for ctirus juice, independent of the variety, strain, growing region and ripening period of the fruits. An instrument exclusively for this method is already commercially available, and is widely used to estimate total acidity in the laboratories of citrus processors and collection centers for citrus fruits. However, the procedure is a batch system using a conductance cell made generated with an oscillator (OSC) is imposed on the current-carrying electrodes (CE-CE ) through an automatic gain control amplifier (AGCA). The potential differnce between the probe electrodes (PE-PE') is detected by a differential amplifier (DAJ with a high input impedance, the signal being transferred to an integrating circuit (IC) through an absolute value circuit (AVC). In the integrating circuit, the difference between the signal and the voltage reference (VR) is integrated and the signal is transferred to the automatic gain control amplifier with negative feed-back. The imposed potential between the current-carrying electrodes (CE-CE ), therefore, is controlled so as to keep the potential difference between the probe electrodes (PE-PE') constant, regardless of changes in the resistance of the solution. Consequently, if all the circuits work properly, the current flowing across the current-carrying electrodes (CE-CE' ) will be proportional to the conductivity of the solution. The current passing through the cell is detected by the ohmic drop across the standard resistor Rs, and the signal is recorded through a differential amplifier (DA2) with a high input impedance and an absolute value circuit. Flow-through four-electrode cell. The cell design shown in Fig. 2 uses a cell block made of polycarbonate resin. Platinum wire {$=1mm) was used for both the probe electrodes (PE-PE') and the current-carrying electrodes (CE-CE'). where A is the equivalent conductivity and C is the normal concentration).
The cell constant was estimated to be 4.95cm"1 regardless of the flow rate of the solution.
Flow system. A schematic diagram of the flow system is shown in Fig. l(b) . The sample solution is best diluted in ratios from 1 : 100 to 1:300 before entering the flowthrough cell, and a 10-channel micro-tube pump was used to transport the carrier solution. Onechannel was allotted to deionized water to push the sample in a sample loop out to the carrier stream and the others were for deionized water as a carrier only to increase the dilution ratio. The sample solution was forced into the sample loop of a 6-way switching valve by another micro-tube pump, and injected into the carrier stream by switching the valve. The injected sample was diluted properly, and transported to the flow-through four-electrode cell and finally to a waste tank through a back pressure tube. To eliminate pulsation of the stream, air-damping was used just after the lines of the 10 channel micro-tube pump.
Materials and reagents. Commercial Satsuma Mandarins were purchased from various places of origin. After being extracted from each fruit, the juices were centrifuged (10000 x g, 5min) at 0°C and stored at -15°C. A reagent grade of potassium chloride was recrystallized twice from water and deionized water with less than 5 jtiS cm"1 was used throughout. All other chemicals were of analytical reagent grade and were used witout further purification.
Procedures. The free organic acid content was designated as the percentage (w/w) of citric acid from the value by titration of the juice diluted to 1 : 15 with 0.1 n sodium hydroxide solution until pH 8.0 was reached. The conductance cell and the mixing coil were maintained at standard resistor, 20 kQ.
(PE-PE') remained at 200 mVthroughout the experiment due to its constancy over a wide range of resistance. A standard resistor of 20 kO was used for current detection because of the magnitude of response and the linear dependency on current.
RESULTS AND DISCUSSION

Injection volumeand dilution ratio
The effect of the injection volume on the dilution ratio and conductivity is shown in Fig.  3 . A nearly linear relationship was obtained between the conductivity and the injection volume, and the dilution ratio decreased with increasing injection volume. It is known that dilution of too-concentrated samples is best achieved by reducing the volume of the injected sample solution.8)
When considering that dilution in ratios from 1 : 100 to 1 : 300 is best,1} the desirable volume of the injected sample was 20^40^1. A volume of 20/zl produced low magnitude of response, so that a volume of 35//I was adopted for the latter experiments. The dilution ratio at this injection volume was about 1 : 130. The injection volume was 35^1 and the other conditions were the same as in Fig. 3 excepting the flow rate. Calculated amounts of citric acid and malic acid (9: 1) were added to original Satsuma Mandarin juice (0.773%) and samples prepared in this way were injected. The organic acid was determined titrimetrically. Injection volume was 35fA and the other conditions were the same as in Fig. 3 . The juices diluted to 1 :3 were injected. Injection volume was 35fi\ and the other conditions were the same as in Fig. 3. the relationship between the flow rate and the response, as shown in Fig. 4 . The time of baseline reversion is defined as the duration from sample injection to base-line reversion of the signal. A faster flow rate led to a shorter measuring time, as expected. On the basis of good reproducibility against flow rate, flow rates of 12-14ml/min and 19-21ml/min were desirable.
The flow rate of 12-14ml/ min required much more measuring time (about twice) than that of 19-21ml/min.
The most desirable flow rate was judged to be about 20 ml/min, in consideration of the short measuring time and the reproducibility of the response.
Tube length and tube diameter
The effects of mixing coils on the response and the time of base-line reversion were investigated. Three sizes of tube diameter (1 mm, 1.5mm and 2mm) and five tube lengths (75, 100, 125, 150 and 175cm) influenced the flow rate of the system to some extent. Consequently, it is suggested that injection of the juice diluted to a ratio of about 1 :3 or 1 :4 is preferable to direct injection of the original undiluted juice. The combination of this flow system and an automatic diluter is now under investigation.
In conclusion, the combination of flow injection analysis and the electrochemical method affords a rapid technique for measuring the organic acid content of citrus fruits.
